Abstract
Introduction: The Need for Knowledge Visualization
The transfer of knowledge is a core process and difficult to manage [1] . For the transfer of knowledge the following difficulties need to be solved:
Information depth: Trade off between an overview and details that need to be communicated. Limited time: Limited time, attention and capacity of the recipients. Different background: Different cognitive backgrounds and difficulties of decision makers to understand the novel information visualization tools. Relevance: Providing the relevant information to different stakeholders.
Today managers only use few visualization types, i.e. PowerPoint presentations, diagrams or clip arts for information exploration and for the transfer of knowledge. Result: The need for information visualization.
The last twenty years various information visualization methods were invented. However it has been neglected to link these methods to the background of managers and to the knowledge management life cycle. As a result managers have difficulties to adapt these new methods. What is missing, is a mediating framework for the use of visualization methods for different tasks that concern managers; starting from information exploration and ending with the transfer of knowledge. The methods should be customized to the recipients' cognitive background and information need. This missing framework would help managers to find the most promising visualization method for the individual task. Result: The need for knowledge visualization.
Knowledge visualization examines methods to reduce the predominant problems of managers:
Information overload: Decision Makers cannot identify the relevant information.
Misinterpretation:
Decision makers cannot understand, evaluate and interpret the information. Misuse: Decision makers cannot use or misuse the information for decision making.
Information visualization scientists can learn from architects: Architects as generalists are experts in the transfer of knowledge between specialists from different fields (engineers, workers, lawyers, customers). In an analysis on the way how architects use visual representation for the transfer of knowledge we found a simple but important insight: Architects combine different visualization types that complement one another to illustrate different levels of details. Combining traditional visualizations with novel information visualizations is a promising approach that increases the knowledge transfer quality (effectiveness, motivation) and the attention of recipients, reduces the information overload and as a consequence improves decision making.
A holistic view and a mediating framework on the use of visualizations for information exploration and for the transfer of knowledge is decisive. Today it is missing. Therefore this paper presents an approach for the missing framework that integrates results from the research areas information visualization [2] [3] [4] [5] [6] , cognitive art [7] , communication science [8] , information architecture [9] and knowledge management [10] .
Further this paper clarifies the difference of the research areas information visualization and knowledge visualization.
The new research focus knowledge visualization and the new framework are promising and have implications for researchers in information visualization, knowledge management and communication studies.
The Potential of Visualizations
This section presents an overview of visualization research for an understanding of our innate abilities to process visualizations, which can be exploited to improve the transfer of knowledge or insights derived from information visualization tools.
General Advantages of Visual Representations
A majority of our brain's activity deals with processing and analyzing visual images. Images are preattentive and processed before text. In comparison to text, visual images need less energy to be consumed. Alesandrini [11] presents five advantages of abstract images: They are instant, memorable, automatic, global and energizing. Several empirical studies show that visual representations are superior to verbal-sequential representations in different tasks, i.e. to illustrate relations, to identify patterns, to present both an overview and details, to support problem solving and to communicate different knowledge types [12] [13] [14] .
The use of visual metaphors is effective for the transfer of knowledge [15] . Eppler [16] describes six advantages: (1) to motivate people, (2) to present new perspectives, (3) to increase remembrance, (4) to support the process of learning, (5) to focus the attention of the viewer and (6) to structure and coordinate communication.
Visual Cognition and Perception Research
Miller [17] reports that a human's input channel capacity is greater when visual abilities are used. Our brain has a strong ability to identify patterns, which is examined in Gestalt psychology [18] . Visual imagery [19, 20] suggest that visual recall seems to be better than verbal recall. It is not clear how images are stored and recalled, but it is clear that humans have a natural ability to use images. Instructional psychology and media didactics investigate the learning outcomes of text-alone versus text-picture: [21] present different results in knowledge acquisition from text and pictures. Weidenmann [22] explores aspects of illustrations in the learning process. Cognitive neuroscience discusses the underlying cognitive components of picture processing [23] .
This section presented an overview on the potential of visualizations and visualization research.
The Difference between Knowledge Visualization and Information Visualization
This section presents the theoretical background for the definition and distinction of the research areas knowledge visualization and information visualization.
Towards a definition of knowledge: Today there is no consensus on the definition of knowledge. Many writers distinguish between data, information, knowledge and wisdom [24, 25] . But on the distinction between information and knowledge there is no consensus either. Schreyögg [26] presents an overview on this discourse.
Information visualization is a rapidly advancing field of study [2] [3] [4] [5] [6] . Card et al. [2] Information visualization and knowledge visualization are both exploiting our innate abilities to effectively process visual representations. But the way of using these abilities differs: Information visualization aims to explore abstract data and to create new insights. Knowledge visualization in contrast aims to improve the transfer of knowledge between at least two persons or groups of persons.
The next section describes how architects use different visual representations to transfer knowledge.
Learning from Architects: The Visualization Type Perspective
Today happens what Peter Drucker described: "The operating organization tends to become an organization of specialists of all kinds" [27] . For the transfer of knowledge in organizations sketches are a versatile and always accessible visualization method, i.e. for meetings or presentations. The use of a pen on a flipchart attracts the attention and supports reasoning and arguing. Sketches allow room for own interpretations and foster creativity.
Sketch

Diagram
Garland defines a diagram as a "visual language sign having the primary purpose of denoting function and/or relationship" [28] .
Diagrams as seen in Figure 2 are abstract, schematic representations used to explore structural relationships among parts. Unlike maps, diagrams are usually not to scale, nor need to be true to shape. Architects use diagrams to explain concepts and to reduce complexity. For the transfer of knowledge in organizations diagrams help to reduce complexity and amplify cognition. Visualizing a complex situation with boxes and arrows, helps in understanding causal relationships. Diagrams help to categorize and structure information to improve decision making. In contrast to sketches they are precise and determined.
Image
Kemp defines an image ( Figure 3) as: "Images are representations which are primarily concerned with impression, expression, or realism." [29] . An image can among others be a rendering, a photograph or a painting. Doelker [30] distinguishes different functions of images. They can be "registrative, mimetic, simulative, explicative, diegetic, appellative, decorative, phatic, ontic or energetic" 4 . Architects can visualize their spatial intuitions through perspectival images. For the transfer of knowledge in organizations images help to get attention, inspire recipients, to anchor a message through addressing emotions, to improve recall or to provoke discussions. Figure 4 : A physical Model by Frank Gehry helps to show relationships among parts. 6 Physical objects or architectural models bring together plans and sections, help to imagine a spatial composition and enables to see a project from different viewpoints. They can be abstract or realistic. Physical objects are haptic and allow to experience materials. Architectural models allow to control difficult details. In Figure 4 the architectural model helps to imagine and control the design of a very complex building project with curved surfaces.
Object
For the transfer of knowledge in organizations objects help to get the attention, to initiate discussions, present different views, to improve learning through constant presence or to integrate digital interfaces. Interactive visualizations are computer-based electronic visualizations that allows the user to control, combine, and manipulate different types of information or media. Interactive visualizations enable new methods to design, to explore and to communicate. Interactive visualizations offer architects new visualization methods to improve their tasks. Figure 5 illustrates a three dimensional interactive interface that visualizes the data of the New York Stock Exchange. This is an example how architects exploited the potential of new visualization technologies to create new value for the customer.
Interactive Visualization
For the transfer of knowledge in organizations interactive visualizations help for example to fascinate recipients, to enable interactive collaboration, to reveal unforeseen relationships and to present complex data.
This section introduced a visualization type taxonomy, which is deduced from the way architects use different complementary visualization types to transfer knowledge. The next section introduces the yet missing framework that is derived from this taxonomy.
Towards a Framework for Knowledge Visualization
This section introduces the knowledge visualization framework, which helps (1) to systemize visualization methods, (2) to identify missing research areas and (3) to mediate between different research areas.
Classifications of Visual Representations
Bertin [5] created a semiology of graphic representation methods. Lohse et al. [31] report a structural classification of visual representations. It focuses on the classification of visual representations into hierarchically structured categories. Six groups were introduced: graphs, tables, maps, diagrams, networks and icons. Shneiderman [32] proposes a type by task taxonomy of information visualization where he sorts out the design prototypes to guide researchers to new visualization approaches. Several researchers offer design guidance by discussing examples: [33] [34] [35] [36] .
The Need for a Knowledge Visualization Framework
A new framework is necessary, because of three reasons:
First, visualization research is not integrated into the context of communication science [8] . The role of the recipient is not studied enough. However in the transfer of knowledge, the recipient plays the major role and needs therefore major attention. Successful visualizations need to be customized to the cognitive background of the recipient so that the recipient can reconstruct own knowledge as intended by the sender.
Second, visualization research is not integrated into knowledge management research [10] . Knowledge management research distinguishes different knowledge types. Today's visualization research focuses primarily on one knowledge type (information, facts).
Third, visualization research needs a general framework to mediate between the different isolated research areas in the field of knowledge visualization. These are information visualization [2-6, 33, 34] , cognitive art [7] , knowledge management [10] , communication science [8] , information architecture [9] , learning psychology [21, 22] , cognitive psychology [23] or cognitive art [7] .
The Knowledge Visualization Framework
For an effective transfer of knowledge three perspectives are important: a Knowledge Type Perspective, a Recipient Type Perspective and a Visualization Type Perspective.
The Knowledge Type Perspective aims to identify the type of knowledge that needs to be transferred. Different types of knowledge are described in knowledge management literature. For our framework we distinguish five types of knowledge: Declarative knowledge (Know-what), procedural knowledge (Knowhow), experimental knowledge (Know-why), orientational knowledge (Know-where), individual knowledge (Know-who). Today no classification exist, that links visualization types and knowledge types.
The Recipient Type Perspective aims to identify the target group and the context of the recipient. The recipient can be an individual, a team, a whole organization or a network of persons. Knowing the context and the cognitive background of the recipient is essential for finding the right visualization method for the transfer of knowledge. Today graphic design and information visualization [5, 33, 34] do not focus on this perspective.
The Visualization Type Perspective aims to establish a simple taxonomy that is able to structure the existing visualization methods. Today a simple taxonomy that can mediate between different areas (as between planners and decision makers) is missing.
The three perspectives are summarized in The Knowledge Visualization Framework combines the three perspectives to a three dimensional matrix as seen in Figure 6 . As a conceptual framework it helps to structure thinking. In our interactive Knowledge Visualization Cube each visualization method can be linked to one or more suitable coordinates in this framework. Practitioners can use the cube to structure and find the most promising visualization methods by clicking on the slices and individual cubes. Each Knowledge Visualization Cube is context specific and can be filled with different visualizations.
This section presented the missing Framework, which is being refined in our current work. Figure 6 : The Knowledge Visualization Cube integrates the three important perspectives to be considered when choosing a visualization method. Slices can be selected which then allow a single cube to be selected. Selecting a link in the appearing view loads detailed information in an additional window. The cube is implemented in VRML.
Summary
This paper defined knowledge visualization and explained the difference between the research areas knowledge visualization and information visualization. In contrast to information visualization, which exploits our innate abilities to effectively process visual representation to explore information, knowledge visualization uses these abilities to improve the transfer of knowledge between at least two persons or group of persons. To mediate between different research areas this paper introduced a knowledge visualization framework. This framework aims to systemize research, to identify research gaps and to mediate between researchers from different fields.
The framework is based on three perspectives: A Knowledge Type, a Recipient Type and a Visualization Type Perspective. While the first two taxonomies are established, the visualization type perspective is new. We deduced this taxonomy by analyzing how architects use different complementary visualization types to transfer knowledge. This taxonomy is promising both for researchers and practitioners.
We are currently refining and integrating examples into our framework.
